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(54) Encoder, decoder, encoding method and decoding method

(57)  An encoder, a decoder, an encoding method
and a decoding method are provided. The encoder in-
cludes a reversible color transform module, a difference
pulse code modulation (DPCM) intra prediction module,
a quantization module, a reversible frequency transform
module and an entropy coding module. The reversible
color transform module performs a reversible color trans-
form to output a transformed video signal according to
an input video signal. The DPCM intra prediction module

performs a DPCM intra prediction to output a least resid-
ual according to the transformed video signal. The quan-
tization module performs a quantization operation to out-
put a quantization coefficient according to the least re-
sidual. The reversible frequency transform module per-
forms a reversible frequency transform to output a fre-
quency coefficient according to the quantization coeffi-
cient. The entropy coding module performs entropy cod-
ing to output a compression bit stream according to the
frequency coefficient.
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Description

[0001] This application claims the benefit of Taiwan
application Serial No. 98100421, filed January 7, 2009,
the subject matter of which is incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The inventionrelates to an encoder, a decoder,
an encoding method and a decoding method.

Description of the Related technology

[0003] Generally speaking, lossless image compres-
sion technological trends may be classified into two
kinds. The first kind of lossless image compression tech-
nology, such as JPEG-LS, H.264-LS, AIC or DPCM-H.
264-LS, does not include the frequency transform and
quantization. The second kind of lossless image com-
pression technology, such as JPEG2000-LS or HD pho-
to, includes the frequency transform and quantization,
and may be applied to the lossy and lossless image com-
pression technologies simultaneously.

[0004] The lossless image compression technology
widely used in the digital archive and the medical image
includes JPEG-LS and JPEG2000-LS, which are too old.
Although the compression performance of JPEG-LS is
far higher than that of JPEG2000-LS, JPEG-LS cannot
be simultaneously applied to the lossy image compres-
sion in the same encoder. In addition, the application
popularization of JPEG2000 is extremely low. Compared
with the lossless compression performance, the com-
pression efficiency of JPEG2000-LS and H.264-LS is far
lower than that of DPCM-based H.264-LS. However,
DPCM-based H.264-LS cannot be applied to the lossy
image compression technology. Although the lossless
image compression technology is added to the newest
H.264 lossy image compression technology, the per-
formance of the added lossless image compression tech-
nology is relatively lower than that of each of JPEG-LS
and JPEG2000-LS. Although Microsoft has published
the image compression technology HD Photo capable of
supporting the lossy and lossless conditions, the com-
pression ratio of the lossless image is also far lower than
that of each of JPEG-LS and JPEG2000-LS.

[0005] Therefore, itis animportantissue in the current
image compression to provide the universal encoding
technology having the high compression performance
and capable of supporting the lossy and lossless condi-
tions simultaneously.

SUMMARY OF THE INVENTION

[0006] According to a first exemplary embodiment of
the present invention, an encoder including a reversible
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color transform module, a difference pulse code modu-
lation (DPCM) intra prediction module, a quantization
module, a reversible frequency transform module and an
entropy coding module is provided. The reversible color
transform module performs a reversible color transform
to output a transformed video signal according to an input
video signal. The DPCM intra prediction module performs
a DPCMintra prediction to output a least residual accord-
ing to the transformed video signal. The least residual is
selected from a plurality of residuals generated in corre-
spondence to a plurality of intra prediction direction
modes. The quantization module performs a quantization
operation to output a quantization coefficient according
to the least residual. The reversible frequency transform
module performs a reversible frequency transform to out-
put a frequency coefficient according to the quantization
coefficient. The entropy coding module performs entropy
coding to output a compression bit stream according to
the frequency coefficient.

[0007] According to a second exemplary embodiment
of the presentinvention, an encoding method is provided.
The method includes the steps of: performing areversible
color transform to output a transformed video signal ac-
cording to an input video signal; performing a difference
pulse code modulation (DPCM) intra prediction to output
a least residual according to the transformed video sig-
nal, wherein the least residual is selected from a plurality
of residuals generated in correspondence to a plurality
of intra prediction direction modes; performing a quanti-
zation operation to output a quantization coefficient ac-
cording to the least residual; performing a reversible fre-
quency transform to output a frequency coefficient ac-
cording to the quantization coefficient; and performing
an entropy coding operation to output a compression bit
stream according to the frequency coefficient.

[0008] According to a third exemplary embodiment of
the present invention, a decoder is provided. The decod-
er includes an entropy decoding module, an inverse re-
versible frequency transform module, an inverse quanti-
zation module, a compensation module and an inverse
reversible color transform module. The entropy decoding
module performs entropy decoding to output a frequency
coefficient according to an input compression bit stream.
The inverse reversible frequency transform module per-
forms aninverse reversible frequency transform to output
a quantization coefficient according to the frequency co-
efficient. The inverse quantization module performs an
inverse quantization operation to output a least residual
according to the quantization coefficient. The compen-
sation module performs a difference pulse code modu-
lation (DPCM) intra compensation to output a trans-
formed video signal according to neighboring compen-
sated video signals and the least residual. The least re-
sidual corresponds to one of a plurality of residuals gen-
erated by an encoder in a plurality of intra prediction di-
rection modes. The inverse reversible color transform
module performs an inverse reversible color transform
according to the transformed video signal to output an
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input video signal.

[0009] According to a fourth exemplary embodiment
of the present invention, a decoding method is provided.
The decoding method includes: performing entropy de-
coding to output a frequency coefficient according to an
input compression bit stream; performing an inverse re-
versible frequency transform to output a quantization co-
efficient according to the frequency coefficient; perform-
ing an inverse quantization operation to output a least
residual according to the quantization coefficient; per-
forming an intra compensation to output a transformed
video signal according to neighboring compensated vid-
eo signals and the least residual, wherein the least re-
sidual corresponds to one of a plurality of residuals gen-
erated by an encoder in a plurality of intra prediction di-
rection modes; and performing an inverse reversible
color transform to output an input video signal according
to the transformed video signal.

[0010] The invention will become apparent from the
following detailed description of the preferred but non-
limiting embodiments. The following description is made
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block diagram showing an image
encoder according to an embodiment of the invention.
[0012] FIG.2is aflow chart showing an image encod-
ing method according to an embodiment of the invention.
[0013] FIG. 3is aschematicillustration showing a pre-
diction direction mode.

[0014] FIG. 4 is a schematic illustration showing the
prediction direction mode.

[0015] FIG. 5 is a schematic illustration showing the
prediction direction mode.

[0016] FIG. 6 is a schematic illustration showing the
prediction direction mode.

[0017] FIG. 7 is a schematic illustration showing the
prediction direction mode.

[0018] FIG. 8 is a schematic illustration showing the
prediction direction mode.

[0019] FIG. 9 is a schematic illustration showing the
prediction direction mode.

[0020] FIG. 10 is a schematic illustration showing the
prediction direction mode.

[0021] FIG. 11 is a schematic illustration showing the
prediction direction mode.

[0022] FIG. 12 is a schematic illustration showing the
prediction direction mode.

[0023] FIG. 13isaschematicillustration showing pixel
symbols.
[0024] FIG. 14 is a schematic illustration showing a

horizontal direction residual.

[0025] FIG. 15 is a schematic illustration showing a
vertical direction residual.

[0026] FIG. 16 is a schematic illustration showing a
135-degree direction residual.

[0027] FIG. 17 is a schematic illustration showing the
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actual pixel value distribution.

[0028] FIG. 18 shows a residual obtained after execut-
ing the intra prediction in the H264 horizontal direction.
[0029] FIG. 19 shows a residual after executing the
DPCM intra prediction.

[0030] FIG. 20 is a block diagram showing a video en-
coder according to an embodiment of the invention.
[0031] FIG. 21 shows static compression performance
curves of H.264 and an embodiment of the invention.
[0032] FIG. 22 shows dynamic compression perform-
ance curves of H.264 and an embodiment of the inven-
tion.

[0033] FIG. 23 shows an image decoder according to
an embodiment of the invention.

[0034] FIG. 24 is a flow chart showing an image de-
coding method according to an embodiment of the inven-
tion.

[0035] FIG. 25 is a block diagram showing a video de-
coder according to an embodiment of the invention.
[0036] FIG. 26 is a schematic illustration showing the
comparison between four lossless compression technol-
ogies.

DETAILED DESCRIPTION OF THE INVENTION

[0037] FIG. 1 is a block diagram showing an image
encoder 10 according to an embodiment of the invention.
FIG. 2is a flow chart showing an image encoding method
according to an embodiment of the invention. Referring
to FIGS. 1 and 2, the image encoder 10 includes a re-
versible color transform module 110, a difference pulse
code modulation (DPCM) intra prediction module 120, a
quantization module 130, a reversible frequency trans-
form module 140 and an entropy coding module 150.
Theimage encoding method includes the following steps.
[0038] First, as shown in step 210, the reversible color
transform module 110 performs a reversible color trans-
form to output a transformed video signal S2 according
to an input video signal S1. The video signal S1 may be
a RGB signal, while the transformed video signal S2 in-
cludes a YUV signal or a YCbCr signal having one gray-
scale image and two color images. Next, as shown in
step 220, the DPCM intra prediction module 120 per-
forms a DPCM intra prediction according to the trans-
formed video signal S2, and selects a least residual S3
from residuals of a plurality of intra prediction direction
modes.

[0039] Next, as shown in step 230, the quantization
module 130 performs a quantization operation to output
a quantization coefficient S4 according to the least resid-
ual S3. Then, as shown in step 240, the reversible fre-
quency transform module 140 performs a reversible fre-
quency transform to output a frequency coefficient S5
according to the quantization coefficient S4. The revers-
ible frequency transform module 140 may adaptively se-
lect whether to perform the reversible frequency trans-
form on the quantization coefficient S5, and the quanti-
zation coefficient S5 determines to perform the reversible
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frequency transform according to the condition that the
collected transformed energy is lower than that when the
transformis not performed. Finally, as shown in step 250,
the entropy coding module 150 performs entropy coding
to output a compression bit stream S6 according to the
frequency coefficient S5. The quantization module 130
may be adaptively controlled by a quantization parameter
S7 sothat the entropy coding module 150 may selectively
output a lossy compression bit stream, a near lossless
compression bit stream or a lossless compression bit
stream.

[0040] In brief, the image encoder 10 generally per-
tains to universal encoding capable of supporting lossy
and lossless conditions simultaneously. Forexample, the
lossy compression ability of the image encoder 10 is bet-
ter than that of each of H.264, JPEG2000, AIC, HD Photo
and JPEG, and the lossless compression ability of the
image encoder 10 is better than that of each of DPCM_
H.264-LS, JPEG-LS, JPEG2000-LS, HD Photo, H.264-
LS and AIC. Furthermore, the image encoder 10 can pro-
vide the lossy compression bit stream, the near lossless
compression bit stream or the lossless compression bit
stream by adjusting the quantization quality parameter
under the same encoding architecture according to dif-
ferent image qualities. Furthermore, the intra prediction
wastes the longest time in the H.264 lossy image com-
pression encoder, and the image encoder 10 needs not
to perform the discrete cosine transform (DCT) and the
inverse discrete cosine transform (IDCT) operations to
obtain the neighboring prediction coefficients needed for
the intra prediction, so that it can be further applied to an
embedded system.

[0041] FIGS. 3 to 12 are schematic illustrations show-
ing prediction direction modes. In detail, the prediction
direction modes include a plurality of linear direction
modes and a rotation direction mode. In order to make
the invention be easily understood, ten prediction direc-
tion modes are listed in FIGS. 3 to 12. However, the in-
vention is not limited thereto, and the number of the pre-
diction direction modes may be increased or decreased
according to the actual application requirement. FIGS. 3
to 12 respectively show prediction direction modes 0to 9.
[0042] The prediction direction mode 0 in FIG. 3 is ver-
tical; the prediction direction mode 1 in FIG. 4 is horizon-
tal; the prediction direction mode 2 in FIG. 5 is mean; the
prediction direction mode 3 in FIG. 6 is diagonal down-
left; and the prediction direction mode 4 in FIG. 7 is di-
agonal down-right.

[0043] The prediction direction mode 5in FIG. 8 is ver-
tical-right; the prediction direction mode 6 in FIG. 9 is
horizontal-down; the prediction direction mode 7 in FIG.
10 is vertical-left; the prediction direction mode 8 in FIG.
11 is horizontal-up; and the prediction direction mode 9
in FIG. 12 is to rotate from outside to inside. It is to be
specified that some speckle-like residuals cannot be
eliminated owing to the mode 0 to the mode 8, and the
DPCM intra prediction module 120 of FIG. 1 can eliminate
the speckle-like residuals through the mode 9 and further
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increase the compression ratio.

[0044] FIG. 13is aschematicillustration showing pixel
symbols. FIG. 14 is a schematic illustration showing a
horizontal direction residual. FIG. 15 is a schematic illus-
tration showing a vertical direction residual. FIG. 16 is a
schematic illustration showing a 135-degree direction re-
sidual. As shown in FIGS. 13 to 16, the reference pre-
diction values generated by the lossless and lossy DPCM
intra prediction are different. The reference prediction
value generated by the lossy DPCM intra prediction
method is quantized and then inversely quantized to ob-
tain a coefficient serving as the reference prediction value
of the next coefficient. The prediction direction modes
have different reference prediction values generated by
different prediction directions. Finally, the least residual
is selected from all the modes.

[0045] InFIGS. 13 to 16, the symbols a to p are initial
pixel positions, the symbols A to M are the reference
prediction values of the neighboring blocks, the symbols
a’' to p’ are the reference prediction values obtained after
the neighboring pixels are quantized and then inversely
quantized, and Q is a quantization zone. In FIG. 14, the
reference prediction values obtained after the neighbor-
ing pixels in the horizontal direction are quantized and
then inversely quantized may be derived according to
the following Equations (1) to (3) and the analogized
equations:

a=1-[(I-a)/QJx0 (1)

wherein the symbol L I represents a minimum integer
obtained after being divided by a predetermined value.

b'=a-[(a-b)/0]x0 (2)

c=b-{(b-c)/Q]xQ (3)

The other equations of computing the prediction values
of the other neighboring pixels may be analogized ac-
cording to Equations (1) to (3) so that the other horizontal
direction residuals may be calculated. The horizontal di-
rection residuals corresponding to Equations (1) to (3)
are sequentially a’-b, b’-c and ¢’-d, and so on. It is to be
specified that the division by the quantization zone Q is
to perform a quantization operation, and the multiplica-
tion by the quantization zone Q is to perform an inverse
quantization operation. After the quantizations through
different quantization zones, quantization errors are cor-
respondingly and inevitably generated after the inverse
quantization.

[0046] Inaddition, the neighboring pixels in the vertical
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direction of FIG. 15 are quantized and then inversely
quantized to obtain the reference prediction values,
which may be obtained according to the following Equa-
tions (4) to (6) and the analogized equations thereof:

d=A-[(A-a)/Q]xQ (4)

e'= a'—\_(a'—e)/QJx Q0 (5

i'=e|(e-i)/Q]xQ (B)

The equations of computing the reference prediction val-
ues of the other neighboring pixels may be analogized
according to Equations (4) to (6) so that the other refer-
ence prediction values in the other vertical direction may
be computed. The vertical direction residuals corre-
sponding to Equations (3) to (6) are sequentially a’ - e,
e’ -iand i’ - m, and so on.

[0047] Furthermore, the neighboring pixels in the 135-
degree direction of FIG. 16 are quantized and then in-
versely quantized to obtain the reference prediction val-
ues, which may be obtained according to the following
Equations (7) to (9) and the analogized equations there-
of:

a=M-|(M-a)/Q|xQ (7)

f'=a-{a-f)10]x0 (8)

k'=e-|(e-k)/0]x0 (9)

The equations of computing the reference prediction val-
ues of the other neighboring pixels may be analogized
according to Equations (7) to (9) so that the other refer-
ence prediction values in the 135-degree direction may
be computed. The 135-degree direction residuals corre-
sponding to Equations (7) to (9) are sequentially a’-f, f-
k and k’-p, and so on.

[0048] FIG. 17 is a schematic illustration showing the
actual pixel value distribution. FIG. 18 shows a residual
obtained after the intra prediction in the H.264 horizontal
direction. FIG. 19 shows a residual after the DPCM intra
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prediction. When the quantization zone Q is equal to 3,
the residuals obtained in the horizontal direction of the
DPCM intra prediction are listed in FIG. 19, and the re-
siduals obtained in the horizontal direction of H.264 are
listed in FIG. 18. Comparing FIG. 18 with FIG. 19, it is
clearly obtained that the residuals obtained in the hori-
zontal direction after the DPCM intra prediction are in-
deed smaller than the residuals obtained in the horizontal
direction of H.264.

[0049] FIG. 20 is a block diagram showing a video en-
coder 30 according to an embodiment of the invention.
The video encoder 30 is obtained after the image encoder
10 is extended. In addition to the reversible color trans-
form module 110, the DPCM intra prediction module 120,
the quantization module 130, the reversible frequency
transform module 140 and the entropy coding module
150, the video encoder 30 further includes an inverse
quantization module 3010, a de-block effect module
3020, a motion estimation module 3030, a motion com-
pensation module 3040, an operating unit 3050, an op-
erating unit 3060 and a switch unit 3070.

[0050] When the intra prediction (t image) is per-
formed, it means that the elimination of the redundant
amount between pixels of a single image has to be per-
formed, and the switch unit 3070 switches to the intra
prediction. Thatis, the switch unit 3070 is electrically con-
nected to the operating unit 3050 and the DPCM intra
prediction module 120. When the DPCM intra prediction
module 120 is predicting the least residual, the quanti-
zation module 130 and the inverse quantization module
3010 are simultaneously adopted to obtain the reference
prediction values (a’ to 0’) for each intra prediction direc-
tion and the residuals having quantization errors. At last,
the quantization module 130 outputs the quantization co-
efficient S4 obtained in the optimum prediction direction
of the DPCM intra prediction module 120 after the least
residual quantization. Then, the reversible frequency
transform module 140 processes the quantization coef-
ficient and outputs the frequency coefficient S5. The fre-
quency coefficient S5 is further processed by the entropy
coding module, which then outputs the compression bit
stream S6 after the t image compression.

[0051] Then, when the t+1 image S2 is continuously
encoded, it means that the redundant amount between
twoimages has to be eliminated, and the switch unit 3070
is switched to the inter prediction. That is, the switch unit
3070 is electrically connected to the operating unit 3050
and the motion compensation module 3040. The inverse
quantization module 3010 correspondingly outputs the
least residual S9 with the quantization error according to
the quantization coefficient outputted from the quantiza-
tion module 130 at the t image time. The operating unit
3060 summates the direction information S14, predicted
by the DPCM intra prediction module 120, and the least
residual compensation, outputted from the inverse quan-
tization module 3010, together to obtain the block effect
image S10 with the quantization error. The de-block ef-
fect module 3020 smoothens the block effectimage S10
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having the quantization error to obtain the output image
S11 (similar to the output image of the decoder), which
can be visually accepted. The motion estimation module
3030 processes the outputimage S11 and the t+1 image
and thus outputs a motion vector S8. The motion vector
S8is directly outputted to the entropy coding module 150,
which encodes the motion vector S8. The motion com-
pensation module 3040 processes the motion vector S8
and the output image S11 and thus outputs a motion
compensationimage S12. The motion compensation im-
age S12 is switched to the inter prediction through the
switch unit 3070, and then a subtraction between the
motion compensation image S12 and the t+1 image is
made to obtain a difference image S13. The difference
image S13 is then processed by the DPCM intra predic-
tion module 120, the quantization module 130 and the
inverse quantization module 3010 so that the quantiza-
tion coefficient S4 of the t+1 image is obtained. This quan-
tization coefficient is further processed by the reversible
frequency transform module 140 so that the frequency
coefficient S5 is outputted. The frequency coefficient is
further processed by the entropy coding module so that
the compression bit stream S6 after the t+1 image is com-
pressed is obtained.

[0052] When the t+2 image S2 is continuously encod-
ed, it means that the redundant amount between two
images has to be continuously eliminated. The switch
unit 3070 continues to switch to the inter prediction, and
the inverse quantization module 3010 correspondingly
outputs the least residual S9 having the quantization er-
ror according to the quantization coefficient outputted
from the quantization module 130 at the t+1 image time,
and so on.

[0053] FIG. 21 shows static compression performance
curves of H.264 and an embodiment of the invention.
FIG. 22 shows dynamic compression performance
curves of H.264 and an embodiment of the invention.
The entropy coding module 150 shown in FIG. 1 may
adopt the embedded block coding with optimized trun-
cation (EBCOT) to replace the context adaptive binary
arithmetic coding (CABAC) to obtain the performance
curves in FIGS. 21 and 22.

[0054] InFIG. 21, the compression performance curve
2110 represents the continuous static image compres-
sion performance curve of the peak signal-to-noise ratio
(PSNR) to the bit per pixel (bpp) in H.264, and the com-
pression performance curve 2120 represents the contin-
uous static image compression performance curve of the
PSNR to the bpp in the embodiment of the invention. In
FIG. 22, the compression performance curve 2210 rep-
resents the continuous static image compression per-
formance curve of the PSNR to the bpp in H.264, and
the compression performance curve 2220 represents the
continuous static image compression performance curve
of the PSNR to the bpp in the embodiment of the inven-
tion. As shown in FIGS. 21 and 22, it is obtained that at
least 4dB of bit rate in average may be increased when
the compression ratio is 1 bpp in the embodiment of the
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invention.

[0055] FIG. 23 shows an image decoder 40 according
to an embodiment of the invention. FIG. 24 is a flow chart
showing an image decoding method according to an em-
bodiment of the invention. Referring to FIGS. 23 to 24,
theimage decoder 40 includes an entropy decoding mod-
ule 410, an inverse reversible frequency transform mod-
ule 420, an inverse quantization module 430, a compen-
sation module 440 and an inverse reversible color trans-
form module 450. The image decoding method includes
the following steps.

[0056] As shown in step 510, the entropy decoding
module 410 performs entropy decoding to output the fre-
quency coefficient S5 according to the compression bit
stream SB6. If the original image is only processed by the
entropy decoding of the entropy coding module 150 of
FIG. 1 and the entropy coding operation of the entropy
decoding module 410, then the output should still be the
original image because the entropy coding pertains to
the lossless compression technology.

[0057] As shown in step 520, the inverse reversible
frequency transform module 420 performs the inverse
reversible frequency transform to output the quantization
coefficient S4 according to the frequency coefficient S5.
If the original image is only processed by the reversible
frequency transform of the reversible frequency trans-
form module 140 of FIG. 1 and the inverse reversible
frequency transform operation of the inverse reversible
frequency transform module 420, then the output should
still be the original image because the perfect reconstruc-
tion is obtained after the reversible frequency transform
operation.

[0058] As shown in step 530, the inverse quantization
module 430 performs the inverse quantization operation
to output the least residual S3 according to the quanti-
zation coefficient S4. If the original image is only proc-
essed by the quantization operation of the quantization
module 130 of FIG. 1 and the inverse quantization oper-
ation of the inverse quantization module 430, then the
output should be determined to be still the original image
or the lossy image having the quantization error accord-
ing to the quantization parameter S7.

[0059] As shown in step 540, the compensation mod-
ule 440 performs the DPCM intra compensation to output
the transformed video signal S2 according to the least
residual S3. If the original image is only processed by
the DPCM intra prediction of the DPCM intra prediction
module 120 of FIG. 1 and the DPCM intra compensation
of the compensation module 440, then the output should
still be the original image.

[0060] As shown in step 550, the inverse reversible
color transform module 450 performs the inverse revers-
ible color transform to output the input video signal S1
according to the transformed video signal S2. If the orig-
inalimage is only processed by the reversible color trans-
form of the reversible color transform module 110 of FIG.
1 and the inverse reversible color transform of the inverse
reversible color transform module 450, then the output
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should still be the original image. This is because the
perfect reconstruction is obtained after the reversible
color transform operation.

[0061] FIG. 25 s a block diagram showing a video de-
coder 60 according to an embodiment of the invention.
Referring to FIG. 25, the video decoder 60 is obtained
aftertheimage decoder 40 is further extended. In addition
to the entropy decoding module 410, the inverse revers-
ible frequency transform module 420, the inverse quan-
tization module 430, the compensation module 440 and
the inverse reversible color transform module 450, the
image decoder 40 further includes an operating unit 460.
As for the intra compensation, the compensation module
440 performs the addition and compensation through the
operating unit 460 according to the DPCM intra compen-
sation direction, the neighboring decoded reference pre-
diction values and the least residual obtained after the
inverse quantization module 430 performs the inverse
quantization so that the t reconstruction image is ob-
tained. As for the inter-frame compensation, the com-
pensation module 440 performs the addition and com-
pensation through the operating unit 460 according to
the t reconstruction image and the motion vector S8 ob-
tained after the decoding of the entropy decoding module
410 so that the compensated t+1 reconstruction image
is outputted. The t and t+1 reconstruction images are
processed by the inverse reversible color transform mod-
ule 450, which then outputs the original input video signal
without the quantization error or the video signal S1 with
the quantization error.

[0062] The encoder, the decoder, the encoding meth-
od and the decoding method according to the embodi-
ments of the invention have the better lossy compression
ability than H.264, JPEG2000, AIC, HD Photo and JPEG,
and the better lossless compression ability than DPCM_
H.264, JPEG, JPEG2000, HD Photo, H.264 and AIC. In
addition, the embodiments of the invention can further
provide the lossy compression bit stream, the near loss-
less compression bit stream or the lossless compression
bit stream in response to different image qualities under
the same encoding architecture. Furthermore, perform-
ing the intra prediction wastes the longest time in the
image compression. The embodiments of the invention
need not to simultaneously perform the discrete cosine
transform (DCT) and the inverse discrete cosine trans-
form (IDCT) to obtain the least residual, and can thus be
further applied to the embedded system.

[0063] FIG. 26 is a schematic illustration showing the
comparison between four lossless compression technol-
ogies. As shown in FIG. 26, the lossless compression
technology includes JPEG, JPEG2000, H.264 and
DPCM H.264. The compression ratios of JPEG,
JPEG2000, H.264 and DPCM H.264 are respectively
1.81,1.77, 1.56 and 2.00. So, the DPCM H.264 has the
highest compression ratio among the four lossless com-
pression technologies. The embodiment can adopt the
entropy coding operation to make the compression ratio
be higher than that of DPCM H.264.

10

15

20

25

30

35

40

45

50

55

[0064] While the invention has been described by way
of example and in terms of a preferred embodiment, it is
to be understood that the invention is not limited thereto.
On the contrary, it is intended to cover various modifica-
tions and similar arrangements and procedures, and the
scope of the appended claims therefore should be ac-
corded the broadest interpretation so as to encompass
all such modifications and similar arrangements and pro-
cedures.

Claims
1. An encoder, comprising:

areversible color transform module for perform-
ing areversible color transform to output a trans-
formed video signal according to an input video
signal;

a difference pulse code modulation (DPCM) in-
tra prediction module for performing a DPCM
intra prediction to output a least residual accord-
ing to the transformed video signal, wherein the
least residual is selected from a plurality of re-
siduals generated in correspondence to a plu-
rality of intra prediction direction modes;

a quantization module for performing a quanti-
zation operation to output a quantization coeffi-
cient according to the least residual;
areversible frequency transform module for per-
forming a reversible frequency transform to out-
put a frequency coefficient according to the
quantization coefficient; and

an entropy coding module for performing entro-
py coding to output a compression bit stream
according to the frequency coefficient.

2. The encoder according to claim 1, further compris-
ing:

an inverse quantization module for performing
an inverse quantization operation to output the
least residual according to the quantization co-
efficient. The quantization module is controlled
by a quantization parameter such that the en-
tropy coding module selectively outputs a lossy
compression bit stream, a near lossless com-
pression bit stream or a lossless compression
bit stream.

a de-block effect module for processing a block
effectimage with a quantization error into an ac-
ceptable output image;

a motion estimation module for outputting a mo-
tion vector to the entropy coding module accord-
ing to the output image and a next to-be-encod-
ed image; and

a motion compensation module for performing
a motion compensation to output a motion com-
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pensation image according to the motion vector
and the output image.

The encoder according to claim 2, further compris-
ing:

an operating unit for subtracting an original im-
age of the transformed video signal from the mo-
tion compensation image to output a difference
image to the DPCM intra prediction module.

The encoder according to claim 3, further compris-
ing:

a switch unit for selectively electrically connect-
ing the operating unit to the DPCM intra predic-
tion module or the motion compensation mod-
ule. When the DPCM intra prediction is per-
formed, the switch unit is electrically connected
to the operating unit and the DPCM intra predic-
tion module; and when an inter prediction is per-
formed, the switch unit is electrically connected
to the operating unit and the motion compensa-
tion module.

The encoder according to claim 2, further compris-
ing:

an operating unit for adding the least residual to
the motion compensation image to output a
compensated image to the DPCM intra predic-
tion module.

The encoder according to claim 1, wherein the pre-
diction direction modes comprise a plurality of linear
direction modes and a rotation direction mode;
wherein the rotation direction mode is to rotate from
outside to inside.

The encoder according to claim 1, wherein the quan-
tization coefficient determines to perform the revers-
ible frequency transform according to a condition that
energy collected after the reversible frequency trans-
form is lower than that collected when the reversible
frequency transform is not performed.

An encoding method, comprising the steps of:

performing a reversible color transform to output
a transformed video signal according to an input
video signal;

performing a difference pulse code modulation
(DPCM) intra prediction to output aleast residual
according to the transformed video signal,
wherein the least residual is selected from a plu-
rality of residuals generated in correspondence
to a plurality of intra prediction direction modes;
performing a quantization operation to output a
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quantization coefficient according to the least re-
sidual;

performing a reversible frequency transform to
output a frequency coefficient according to the
quantization coefficient; and

performing an entropy coding operation to out-
put a compression bit stream according to the
frequency coefficient.

9. The method according to claim 8, further comprising

the step of:

performing an inverse quantization operation to
output the least residual according to the quan-
tization coefficient.

processing a block effect image with a quanti-
zation error into an acceptable output image;
outputting a motion vector according to the out-
putimage and a next to-be-encoded image; and
performing a motion compensation to output a
motion compensation image according to the
motion vector and the output image.

10. The method according to claim 9, further comprising

the steps of:

subtracting an original image of the transformed
video signal from the motion compensation im-
age to output a difference image;

performing the DPCM intra prediction, the quan-
tization operation, the reversible frequency
transform and the entropy coding operation ac-
cording to the difference image; and

adding the least residual to the motion compen-
sation image to output a compensated image.

11. The method according to claim 8, further comprising

the step of:

performing a de-block effect operation to reduce
a block effect caused when the quantization op-
eration is performed; and

In the step of performing the reversible frequen-
cy transform, the quantization coefficient deter-
mines to perform the reversible frequency trans-
form according to a condition that energy col-
lected after the reversible frequency transform
is lower than that collected when the reversible
frequency transform is not performed; and the
prediction direction modes comprise a plurality
of linear direction modes and a rotation direction
mode.

12. The method according to claim 11, wherein the ro-

tation direction mode is to rotate from outside to in-
side.

13. A decoder, comprising:
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an entropy decoding module for performing en-
tropy decoding to output a frequency coefficient
according to an input compression bit stream;

an inverse reversible frequency transform mod-

ule for performing aninverse reversible frequen- 5
cy transform to output a quantization coefficient
according to the frequency coefficient;

an inverse quantization module for performing

an inverse quantization operation to output a
least residual according to the quantization co- 70
efficient;

a compensation module for performing a differ-
ence pulse code modulation (DPCM) intra com-
pensation to output a transformed video signal
according to neighboring compensated video 15
signals and the least residual, wherein the least
residual corresponds to one of a plurality of re-
siduals generated by an encoder in a plurality

of intra prediction direction modes; and

an inverse reversible color transform module for 20
performing an inverse reversible color transform
according to the transformed video signal to out-

put an input video signal.

14. The decoderaccording to claim 13, whereinthecom- 25
pensation module further performs a motion com-
pensation operation according to a motion vector;
wherein the motion vector is obtained by the entropy
decoding module, which performs the entropy de-
coding. 30

15. A decoding method, comprising:

performing entropy decoding to output a fre-
quency coefficient according to an input com- 35
pression bit stream;

performing an inverse reversible frequency
transform to output a quantization coefficient ac-
cording to the frequency coefficient;

performing an inverse quantization operationto 40
output a least residual according to the quanti-
zation coefficient;

performing an intra compensation to output a
transformed video signal according to neighbor-

ing compensated video signals and the leastre- 45
sidual, wherein the least residual corresponds

to one of a plurality of residuals generated by an
encoder in a plurality of intra prediction direction
modes; and

performing aninverse reversible color transform 50
to output an input video signal according to the
transformed video signal.

55



EP 2 207 359 A2

10
Reversible : Reversible
color DPCdM ;ptra S3 | Quantization [S4 | frequency |S5
transform pre (ch :on module transform
module m1028 © 130 module
110 — 140
/I\ Entropy
S7 coding i
module
150
( START )
Perform reversible color transform —~— 210
Perform DPCM intra prediction —~— 220
Perform quantization operation —— 230
Perform reversible frequency transform (—~—240
Perform entropy coding —— 250

END

FIG. 2

10



EP 2 207 359 A2

Mode 0 (Vertical)

A|B

C|D|E|F|G

FIG. 3

Mode 1 (Horizontal)

A|B

C

D|E|F

G

FIG. 4

M

ode 2 (DC)

B

C[D|E

F

Mg

an

(15\~|: ’

11




EP 2 207 359 A2

Mode 3 (Diagonal down-left)
AB+1€ | T | &

rixXlc|—|Z

FIG. 6

Mode 4 (Diagonal down-right)

Bg€|D|E|[F|G|H
N
N
K
L

FIG. 7

Mode 5 (Vertical-right)

|M"B\’3DEFGH

~\

FIG. 8

12



EP 2 207 359 A2

Mode 6 (Horizontal-down)

C|D|E|F|G

/%Z%
/

Wi

FIG. 9

Mode 7 (Vertical-left)

A/ DHEH/| G

/

rlx|l«l—I|Z

FIG. 10

Mode 8 (Horizontal-up)

A|B|C|D|E|F |G

FIG. 11

13




EP 2 207 359 A2

Mode 6 (Horizontal-down)

A|IB|C|D|E|F|G

N

N
>
N
v

Mode 9 (rotat €)
r{xX|l«]|—|Z

o |lo P

rlxX|l«|—|Z

S |l—|—w|T |

A-a|B-b | C-c | D-d
a-e | b-f |c-g|d-h
e-i | f-j |g-k| h'-l

FIG. 15

14




EP 2 207 359 A2

M-a

A-b | B-c

l-e

a'-f |b'-g

J-i

e’

f-k

K-m

i'-n

-0

FIG. 16

76

/6

76

/6

76|76

76

/6

76

76

78

78

76

50

76

78

77

50

50

76

76

50

50

50

76

50

50

50

50

FIG. 17

76

76

76|76

76

76

76

76

26

76

26

26

76

26

26

76

26

26

FIG. 18

76

76|76

76

76

76

76

26

76

76

76

15




EP 2 207 359 A2

Entropy coding
module

150

3050 — Reversible
: Quantization
Reversible + ) S13 frequency
color ~/] module
transform \«4 130 ransiom
ol module Inverse
BMU& e S12 140 quantization
11V module
\_/ 3010
s14, 29X+
AN
i DPCM intra 3060
m prediction S10
] 1| module
120 De-block effect
“ ] - module
m m Motion . 3020
m ; [compensation —
m _ module S11
{ Inter prediction { 3040
S A [ Motion
estimation =
t+1 image module
3030

S8

16



EP 2 207 359 A2

2120 2110
PSNR(dB) )

)
50 o —o
55 )/ -

50 e

45/

wl
351/

30

/
o

A

25
0 05115 2253354455

bpp
FIG. 21
2220 2210
PSNR(dB) ) )
60 >/-
55 4 ]
50 / //
45 ]
a0l
7
35|/
r
30
25#’
2OT
15o 1 2 3 4 5 6 7 8

FIG. 22

17



EP 2 207 359 A2

40
Inverse
Entropy reversible Inverse .
S6 coding S5 frequency S4 quantization S3 COI’T;E')G(I;SlatIOH
—> module transform module 248 ©
410 module 430 —
420
S2
Inverse
reversible
color S
transform —>
module
FIG. 23 250
( START )
Perform entropy decoding —~—510
Perform the inverse reversible
—— 520
frequency transform
Performs the inverse quantization operation [~ 530
Perform the DPCM intra compensation |~ 540
Perform the inverse reversible color
—— 550
transform
END

FIG. 24

18



EP 2 207 359 A2

60
S8 Compensation t
:' _____________________________ module reconstruction
i 440 image
: Inverse Inverse
+ reversible
Entropy reversible Inverse  [S3 W F(t) S1
S€, | coding | SO | requency |S4, |quantization > womstom >
module transform module + module
410 module 430
t+1 reconstruction image
FIG. 25
Lossless
compression DPCM
512512 JPEG|JPEG2000|H. 264 H. 264
768kB
Lena 435 435 421 364
F16 378 369 362 | 303
Baboon 592 578 759 | 680
Peppers 456 473 497 | 418
Goldhill 420 389 396 321
Barbara 442 378 448 | 335
House 408 404 464 | 360
Peppers2 | 329 290 381 | 237
Oldmill 505 466 488 | 449
Frymire 386 463 697 | 405
Average | 424 | 435 491 | 387
Compression | 4 g1 1 177 | 156 | 2.00
ratio

FIG. 26

19



EP 2 207 359 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  TW 98100421 [0001]

20



	bibliography
	description
	claims
	drawings

